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http://dx.doi.org/10.1016/j.kjms.201Abstract The aim of this study is to investigate the effects of dietary factors on 24-hour urine
parameters in patients with idiopathic recurrent calcium oxalate stones. A total of 108 of idio-
pathic recurrent calcium oxalate stones were included in the study. A 24-hour urinalysis was
performed and metabolic abnormalities were measured for all of the patients. All of the
patients were given specialized diets for their 24-hour urine abnormalities. At the end of first
month, the same parameters were examined in another 24-hour urinalysis. Hyperoxaluria,
hypernatruria, and hypercalciuria were found in 84 (77%), 43 (39.8%), and 38 (35.5%) of the
patients, respectively. The differences between the oxalate, sodium, volume, uric acid, and
citrate parameters before and after the dietary intervention were significant (p < 0.05).
The calcium parameters were not significantly different before and after the intervention.
We found that oxalate, sodium, volume, uric acid, and citratedbut not calciumdabnormal-
ities in patients with recurrent calcium oxalate stones can be corrected by diet. The metabolic
profiles of idiopathic calcium oxalate stone patients should be evaluated and the appropriate
dietary interventions should be implemented to decrease stone recurrence.
Copyright ª 2012, Kaohsiung Medical University. Published by Elsevier Taiwan LLC. All rights
reserved.treet, Yeni C¸agın Buildings
.
(M. Kırac¸).
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2.08.015IntroductionUrolithiasis affects a large proportion of the population in
many regions of the world and has several etiologic factors.ed by Elsevier Taiwan LLC. All rights reserved.
Effects of dietary changes on recurrent stones 89Its prevalence is approximately 5e12% [1e3], and it is an
increasingly serious health problem in industrialized socie-
ties. The disease has a high incidence and recurrence rate;
the recurrence rate is approximately 50% within 3 years of
the initial diagnosis. In addition, surgical procedures are
required for more than half of the patients with symp-
tomatic stones [4,5]. Therefore, preventing stone disease is
a more reasonable approach than treatment.
Medical therapies for recurrent urinary stones should
aim to prevent recurrences by the reducing new stone
formation [6]. The basic rules for medical therapies include
the following: (1) decreasing the activators (oxalate,
sodium, calcium, and uric acid) and increasing the inhibi-
tors (citrate and magnesium) in the urine; (2) providing
adequate urine volume to prevent urinary crystallization;
and (3) ensuring effective dietary regulation.
Because calcium oxalate stones are the most common
recurrent stones, treatment should be particularly considered
for these patients [7,8]. The risk factors for calcium oxalate
stones include environmental, metabolic, genetic, and die-
tary factors. In the patients at high risk for stones, detecting
and correcting these factors could prevent recurrences.
In this study, we evaluated the effectiveness of dietary
interventions for correcting 24-hour urine parameters and
decreasing stone recurrences in patients with idiopathic
recurrent calcium oxalate stones.
Materials and methods
Patients
In this prospective study, 108 patients with idiopathic
recurrent calcium oxalate stones were admitted to the
urology department at Gazi University between November
2003 and July 2006 and were evaluated. The patients with
calcium oxalate stones, as determined by a stone analysis,
were included this study. The following inclusion criteria
were used: (1) a stone analysis confirming calcium oxalate
stone components; (2) recurrent stone disease (at least two
occurrences or progression of stones); (3) age older than 18
years; and (4) at least one risk factor, such as a family history
positive for the disease, a history of low fluid intake, or
recurrent urinary infections. The stones were analyzed using
x-ray diffraction analysis and scanning electron microscopy.
Urine parameters, including analysis and culture, and serum
parameters, including calcium, phosphate, chloride, urea,
creatinine, uric acid, and parathormone, were measured for
all of the patients. The patients who had no risk factors,
were at low risk for stones, did not have recurrent stones, or
were diagnosed with hyperparathyroidism were excluded. A
24-hour urinalysis, including volume, pH, sodium, calcium,
magnesium, oxalate, citrate, uric acid, and phosphate
parameters, was performed for all of the 108 recurrent
calcium oxalate stone patients. All of the patients were
given a dietary intervention for their particular 24-hour
urine abnormality. At the end of the first month, the 24-hour
urinalysis was repeated, and the values obtained before and
after the dietary intervention were compared.
A consent form that included the urine and blood anal-
yses, dietary information, and study design was given to all
of the patients.24-hour urinalysis
Before the dietary interventions, a 24-hour urinalysis was
performed for all of the patients who had recurrent calcium
oxalate stones and were not having an acute stone episode.
A 24-hour urine sample was collected to measure the pH,
citrate, calcium, uric acid, oxalate, phosphorus, sodium,
magnesium, and total volume. The calcium, phosphorus,
sodium and uric acid were measured by an auto-analyzer
using a special kit for these parameters (Abbott-Architect
C4000, Santa Clara, California, USA). The oxalate was
manually measured by the oxalate oxidase and peroxidase
assay (Abbott-Hitachi Axsym Plus, Bohemia, New York,
USA). The citrate was manually measured by the citrate
lyase assay (Abbott-Hitachi Axsym Plus). The urine pH was
measured by standard clinical chemistry procedures.
Diet
Under the supervision of a dietician, a specialized diet
program was administered for each particular 24-hour urine
abnormalities. The same dietician conducted and recorded
each patient’s dietary intervention. For most of the
patients, a diet that addressed multiple abnormalities was
required; however, a dietary intervention designed for only
one abnormality was used in a small number of patients. If
the urine volume was less than 2 L/day, then the patients
were advised to increase their daily water intake [1,8,9]. If
the urinary sodium was greater than 200 mg/day, then the
maximum daily NaCl was restricted to 5 mg. [10]. If the
urinary uric acid was greater than 700 mg/day, then meat
and meat products were restricted [11]. If the urinary
oxalate was greater than 40 mg/day, then high-oxalate
foods, such as tea, coffee, spinach, nuts, and chocolate,
were restricted [10]. If the urinary calcium was greater
than 250 mg/day, then calcium intake was restricted to
400e600 mg daily [12,13]. If the urinary citrate was
<400 mg/day and the urinary pH was low, then increased
dietary intake of orange juice and other foods containing
citrate, such as grapefruit, was advised [14,15]. Dietary
modifications were not performed for magnesium and
phosphate.
All of the patients who were assigned a dietary inter-
vention were informed of its identity and nutritional
contents. These patients recorded their daily diets. At the
end of the first month, all of the patients returned to our
clinic for re-evaluation and a repeat 24-hour urinalysis.
Statistical analysis
SPSS for Windows, version 11.5 (SPSS Inc., Chicago, IL, USA)
was used for the statistical analysis. The results of the
descriptive analyses are given as means  standard devia-
tions. The statistical analyses for the patient groups were
performed using parametric and nonparametric tests. The
parametric tests, which were used when the number of
patients was greater than 30, were the paired-sample and
simple t-tests. The nonparametric tests, which were used
when the number of patients was less than 30, were the
Chi-square test, Wilcoxon and Kruskal-Wallis tests. P-values
less than 0.05 were considered to be statistically significant.
Table 2 Range of metabolic abnormalities in the 24-hour
urine samples.
Metabolic abnormality Patients (%)
Hyperoxaluria 84 (77.0)
Hypernatriuria 43 (39.8)
Low urinary volume (<2000 cc) 43 (39.8)
Hypercalciuria 38 (35.0)
Hyperuricosuria 21 (19.4)
Hypocitraturia 16 (14.0)
Hypomagnesiuria 13 (12.0)
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A male predominance was noted in the 108 patients
included in the study; 72 patients were male (66.7%), and
36 were female (33.3%). The mean age was 40.3  10.3 for
the males and 45.4  13.3 for the females. Table 1 gives the
general characteristics of the patients. Of the 108 patients,
15 (13.8%) had a single metabolic abnormality and 93
(86.2%) had mixed metabolic abnormalities (two or more
abnormalities). The most common metabolic abnormality
was hyperoxaluria (77.0%). Table 2 gives the metabolic
abnormalities of the patients.
Dietary interventions for two or more abnormalities
were recommended for 69 (63.9%) of the patients. A dietary
intervention for a single abnormality was implemented for
39 (36.1%) of the patients. Fifteen patients received the
oxalate diet only, 15 patients the fluid diet only, five
patients the sodium diet only, two patients the calcium diet
only, one patient the citrate diet only, and one patient the
uric acid diet only.
Among the patients who received a diet, the difference
between the oxalate values before and after the diet was
statistically significant (p < 0.05). In addition, the differ-
ences between the citrate, uric acid, sodium, and volume
values before and after the diet were also statistically
significant (p < 0.05). The calcium values before and after
the diet (pZ 0.136) were not significantly different. In the
patients who received the calcium diet, by contrast, the
mean urinary oxalate value was 90.6  57.7 mg/day before
the diet and 55.6  45.4 mg/day after the diet, which was
statistically significant. Table 3 shows the analysis of the
24-hour urine parameters in the patients that received
a dietary intervention.
In the 58 male patients who received the oxalate
diet, the difference between the before and after
oxalate values was statistically significant; however, this
difference was not statistically significant for the 26
female patients (p Z 0.1). In the 52 patients with no
family history, the difference between the before and
after oxalate values was significant, but it was not
significant in the 32 patients with such a family history
(p < 0.01 and p Z 0.4, respectively). Table 4 shows the
24-hour parameters in the patients who received the
oxalate diet.Table 1 General patient characteristics.
Characteristics Sex General
(n Z 108), %Male
(n Z 72), %
Female
(n Z 36), %
Age, yr 40.3  10.3 45.4  13.3 42.33  11.8
Family history 40 (55.6) 23 (63.8) 63 (41.0)
Fluid intake
Low: (<1 L/d) 25 (34.7) 12 (33.3) 37 (34.3)
Moderate:
(1e2 L/d)
29 (40.2) 18 (50.0) 47 (43.5)
High: (>2 L/d) 18 (25.0) 6 (16.7) 24 (22.2)
History of RUTI 4 (5.6) 4 (11.1) 8 (7.4)
RUTI Z recurrent urinary tract infection.Discussion
The prevalence of urolithiasis in the general population has
increased; unbalanced diets, sedentary lifestyles and
obesity have induced have led to more cases of recurrent
stone formation [16]. Stone recurrence has decreased
patient quality of life and requires repeated surgical
treatment in some patients. In the literature, many studies
have introduced various dietary interventions designed to
reduce stone recurrence [10,17]. In our study of patients
with recurrent idiopathic calcium oxalate stones, we
detected metabolic abnormalities through a comprehensive
metabolic evaluation and evaluated the efficacy of dietary
interventions for reducing stone recurrence.
The belief that diet plays an important role in reducing
stone recurrence is common. Siener et al. [10] have sug-
gested that the major risk factors for calcium oxalate stores
are environmental and dietary. Many researchers have also
suggested that irregular dietary habits (such as high protein
intake and inadequate fluid intake), alcohol, a sedentary
life style, obesity, and diabetes mellitus are related to
urolithiasis [3,9,18]. In our study, certain risk factors, such
as family history and dietary factors, were found to be
similar to those reported in the literature.
Most studies have demonstrated that stone recurrence
can be reduced by correcting risk factors and other
preventive medical measures. Borghi et al. [19] have
examined the effects of several dietary compositions on
stone recurrence. Recurrence within the 5-year follow-up
period was observed in 12 of the 60 patients who
received a low-animal protein, low-salt and normal-calcium
diets, whereas recurrence was observed in 23 of the 60
calcium oxalate stone patients who received a normal-
animal protein and low-calcium diet. Moreover, Siener
et al. [3] have demonstrated that crystallization can be
changed by several dietary compositions, such as normal,
vegetarian, and Western-type diets. In our study, we found
that the 24-hour parameters, except for calcium, could be
corrected by dietary interventions.
It is well known that the urinary oxalate excretion is
controlled by several mechanisms. Many studies have
shown that the urinary oxalate excretion rate (as measured
by a 24-hour urine value) was high in the normal population
[20,21]. In a study by Hesse et al. [22], it has been shown
that there is greater intestinal oxalate absorption in
calcium oxalate stone patients. In addition, it is known that
the presence of intestinal calcium can affect oxalate
absorption. In another study, Robertson et al. [23]
Table 3 Comparison of the 24-hour urine parameters before and after the dietary interventions.
Number of patients Before diet After diet p value
Dietary intervention
Oxalate (mg/d) 84 92.8  45.4 68.6  73.6 0.04
Urine volume (cc) 43 1472.3  434.7 2406.2  752.8 0.001
Sodium (mmol/d) 43 257.8  61.8 219.3  97.7 0.045
Calcium (mg/d) 28 399.4  190.6 319.0  170.1 0.136
Uric acid (mg/d) 21 804.28  250.3 632.85  323.1 0.035
Citrate (mg/d) 16 173.8  172.8 450.8  333.1 0.001
No intervention
pH 108 5.706  0.7 5.88  0.5 0.012
Phosphorus (g/d) 108 0.84  0.4 0.91  0.8 0.406
Magnesium (mg/d) 108 8.27  6.4 8.0  4.4 0.741
p < 0.05 Z statistically significant results.
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between patients with recurrent calcium oxalate stones
and the normal population. A high rate of hyperoxaluria
was identified in our study, but it responded to a dietary
intervention; these results show that dietary interventions
are important for urinary oxalate excretion in our pop-
ulation. Several studies have revealed that hyperoxaluria
causes an increased risk of stone formation in calcium
oxalate stone patients, and the dietary intake of oxalate
must be restricted in such patients [23,24]. In our study,
dietary interventions for calcium oxalate patients were
similarly effective, which is consistent with the results of
other studies. However, the oxalate diet was not effective
in the 26 female hyperoxaluria patients (in contrast to its
effects in the male patients). We think that this result is
related to the low number of female patients in our study.
We found that the 32 patients with a family history positive
for oxalate stones who received the oxalate diet did not
benefit from it. We propose that urinary oxalate excretion
may not depend on diet in such patients. Persistent
hyperoxaluria may be present in patients with a positive
family history, and dietary hyperoxaluria interventions may
be less effective.
Citrate is a natural inhibitor of stone formation, and
a low urinary citrate increases the risk of stone formation.Table 4 Results for the patients receiving an oxalate diet.
Number of
patients
Oxalate value (mg/d) p
valueBefore diet After diet
Sex
Male 58 93.8  40.7 65.8  75.6 0.006
Female 26 90.5  55.1 74.9  69.6 0.1
Family history
Positive 32 98.7  55.1 65.6  41.3 0.4
Negative 52 89.2  38.3 70.5  88.1 0.03
Recurrent urinary infection
Positive 5 105.9  31.5 96.3  73.8 0.5
Negative 79 92.0  46.1 66.9  73.6 0.004
Total 84 92.8  45.4 68.6  73.6 0.04
p < 0.05 Z statistically significant result.Many studies have demonstrated that the prevalence of
hypocitraturia is between 19% and 63% [14,15]. In our study,
the hypocitraturia prevalence was 14%. The urinary citrate
changed in the 16 patients who received the citrate diet,
and it has been shown that citrate-containing foods should
be recommended for idiopathic recurrent calcium oxalate
patients.
Hypercalciuria causes increased urinary crystallization
and stone formation; however, restricting calcium is
controversial. It is commonly believed that calcium should
not be restricted in patients with calcium oxalate stones
[18,25,26]. A study by Heller et al. [26] has shown that
urinary oxalate increases when dietary calcium is
restricted. In our study, we found that our dietary inter-
vention was not effective in the 28 patients with hyper-
calciuria. Moreover, we found that the urinary oxalate
levels were reduced by our dietary oxalate intervention.
Therefore, calcium may be restricted during severe
hypercalciuria. Calcium restriction is not a practical
approach because the negative consequences are well
known. Therefore, restricting calcium should not be
advised in calcium oxalate stone patients.
Dietary sodium may cause hypocitraturia and hyper-
calciuria [11]. There is increased risk of stone formation
when urinary sodium excretion is excessive. Kok et al. [11]
showed that increasing dietary sodium by 140 to 310 mmol/
day increased urine calcium range by 34%. In our study,
hypernatriuria was found in 39.8% of the patients, and the
dietary intervention was effective for these patients. The
high rate of hypernatriuria in our study was related to the
dietary habits of the patients. Hypernatriuria can benefit
from dietary interventions, which can help decrease
recurrences in patients with recurrent calcium oxalate
stones.
Hyperuricosuria is a potential risk factor for urinary
stone formation. Many studies have shown that a low-
animal protein diet is protective for urolithiasis [18,20,27].
In a study by Amaro et al., the rate of hyperuricosuria was
20.2% [20]. Similarly, the rate of hyperuricosuria was 19.7%
in our study. In patients with hyperuricosuria, the urine uric
acid level can be reduced by dietary interventions.
Increased oral fluid intake can be readily recommended
for all patients with stones. This intervention is the best
measure for preventing stone recurrences. In our study, we
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patients. In our study, increased oral hydration was rec-
ommended to maintain a urine volume of more than 2 L/
day. It is known that increasing urine volume reduces new
stone formation in all patients with stones [18,26,28].
Borghi et al. [12] showed that the 5-year recurrence rate
was reduced from 12% to 27% when urine volume was
increased to more than 2 L/day. In our study, the 43
patients who received the low urine volume diet increased
their fluid intake from 1470 cc/day to 2406 cc/day.
Increasing fluid intake to maintain a urine output of 2e3 L/
day is the most effective intervention for preventing
recurrence in calcium oxalate stone patients. It should be
recommended for all patients with calcium oxalate stones.
Specific dietary interventions were not recommended
for pH, magnesium, and phosphorus. A significant differ-
ence before and after the dietary interventions was found
for pH only; the urine pH became more alkaline after the
dietary interventions. This finding demonstrates that the
urine pH may be positively affected when dietary inter-
ventions are properly applied.
In summary, several metabolic abnormalities may exist
in patients with recurrent calcium oxalate stones, and
these abnormalities can be corrected by dietary interven-
tions. The metabolic profiles of these patients should be
evaluated to decrease stone recurrence. Dietary preventive
measures should be used to increase fluid intake (sufficient
to achieve a mean urinary volume of 2e2.5 L/day,) restrict
sodium and oxalate, maintain a normal calcium balance,
and ensure a suitable intake of citrate and uric acid.
Further studies are needed to investigate the effects of
dietary interventions on patients with recurrent calcium
oxalate stones.References
[1] Tiselius HG. Stones in 2010. Urinary tract stone disease-has
therapy advanced? Nat Rev Urol 2011;8:70e2.
[2] Penniston KL, Nakada SY. Effect of dietary changes on urinary
oxalate excretion and calcium oxalate supersaturation in
patients with hyperoxaluric stone formation. Urology 2009;73:
484e9.
[3] Siener R, Hesse A. The effect of different diets on urine
composition and the risk of calcium calcium oxalate stone
crystallization healthy subjects. Eur Urol 2002;22:289e96.
[4] Krepinsky J, Ingram AJ, Churchill DN. Metabolic investigation
of recurrent nephrolithiasis: compliance with recommenda-
tions. Urology 2000;56:915e20.
[5] Jungers P, Joly D, Barbey F, Choukroun G, Daudon M. ESRD
caused by nephrolithiasis: prevalence, mechanisms, ant
prevention. J Kidney Disease 2004;44:799e805.
[6] Grampsas SA, Moore M, Chandsoke PS. 10 year experience
with extracorporeal shockwave lithotripsy in the state of
Colorado. J Endourology 2000;14:711e4.
[7] Porile JL, Asplin JR, Parks JH, Nakagawa Y, Coe FL. Normal
calcium oxalate crystal growth inhibition in severe calcium
oxalate nephrolithiasis. J Am Soc Nephrol 1996;7:602e7.
[8] Hesse A, Siener R. Current aspects of epidemiology and
nutrition in urinary stone disease. World J Urol 1997;15:
165e71.[9] Borghi L, Meschi T, Amato F, Briganti A, Novarini A, Giannini A.
Urinary volume, water and recurrences in idiopathic calcium
nephrolithiasis: a 5-year randomized prospective study. J Urol
1996;155:839e43.
[10] Siener R, Schade N, Nicolay C, von Unruh GE, Hesse A. The
efficacy of dietary intervention on urinary risk factors for
stone formation in recurrent calcium oxalate stone patents. J
Urol 2005;173:1601e5.
[11] Kok DJ, Iestra JA, Doorenbos CJ, Papapoulos SE. The effect of
dietary excesses in animal protein and in sodium on the
composition and the crystallisation kinetics of calcium oxalate
monohydrate in urines of healthy men. J Clin Endocrinol
Metab 1990;4:861e7.
[12] Coe FL, Evan A, Worcester E. Kidney stone disease. J Clin
Invest 2005;115:2598e608.
[13] Heilberg IP, Schor N. Renal stone disease: causes, evaluation
and medical treatment. Arq Bras Endocrinol Metabol 2006;50:
823e31.
[14] Caudarella R, Vescini F. Urinary citrate and renal stone
disease: the preventive role of alkali citrate treatment. Arch
Ital Urol Androl 2009;81:182e7.
[15] Cupisti A, Morelli E, Lupetti S, Meola M, Barsotti G. Low urine
citrate excretion as main risk factor for recurrent calcium
oxalate nephrolithiasis in males. Nephron 1992;61:73e6.
[16] Meschi T, Schianchi T, Ridolo E, Adorni G, Allegri F, Guerra A,
et al. Body weight, diet and water intake in preventing stone
disease. Urol Int 2004;72:29e33.
[17] Siener R, Ebert D, Nicolay C, Hesse A. Dietary risk factors for
hyperoxaluria in calcium oxalate stone formers. Kidney Int
2003;63:1037e43.
[18] Lewandowski S, Rodgers AL. Idiopathic calcium oxalate
urolithiasis: risk factors and conservative treatment. Clin
Chim Acta 2004;345:17e34.
[19] Borghi L, Schianchi T, Meschi T, Guerra A, Allegri F,
Maggiore U, et al. Comparison of two diets for the prevention
of recurrent stones in idiopathic hypercalciuria. N Engl J Med
2002;346:77e84.
[20] Amaro CR, Goldberg J, Amaro JL, Padovani CR. Metabolic
assessment in patients with urinary lithiasis. Int Braz J Urol
2005;31:29e33.
[21] Milliner DS, Wilson DM, Smith LH. Clinical expression and long-
term outcomes of primary hyperoxaluria types 1 and 2. J
Nephrol 1998;11:56e9.
[22] Hesse A, Schneeberger W, Engfeld S, Von Unruh GE,
Sauerbruch T. Intestinal hyperabsorption of oxalate in calcium
oxalate stone formers: application of a new test using (13C2)
oxalate. J Am Soc Nephrol 1999;10:329e33.
[23] Robertson WG, Hughes H. Importance of mild hyperoxaluria in
the pathogenesis of urolithiasisenew evidence from studies in
the Arabian Peninsula. Scanning Microsc 1993;7:391e401.
[24] Holmes RP, Goodman HO, Assimos DG. Contribution of dietary
oxalate to urinary oxalate excretion. Kidney Int 2001;59:
270e6.
[25] Wahl C, Hess B. Kidney calculi-is nutrition a trigger or treat-
ment. Ther Umsch 2000;57:138e45.
[26] Heller HJ. The role of calcium in the prevention of kidney
stones. J Am Coll Nutr 1999;18:373e8.
[27] Reddy ST, Wang CY, Sakhaee K, Brinkley L, Pak CY. Effect of
low-carbohydrate high-protein diets on acid-base balance,
stone-forming propensity, and calcium metabolism. Am. J
Kidney Dis 2002;40:265e74.
[28] Robertson WG, Heyburn PJ, Peacock M, Hanes FA,
Swaminathan R. The effect of high animal protein intake on
the risk of calcium stone formation in the urinary tract. Clin
Sci 1979;57:285e8.
